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The  Microbiotheriid  Dromiciops gliroides, also  known as  ‘Monito  del  Monte’,  is  considered to  be  a  threatened 
species and  the  only  living  representative of this group of South American marsupials. During the  last few years, 
several  blood   samples  from   specimens  of  ‘Monito   del   Monte’  captured at  Chiloé   island  in  Chile   have  been 
investigated for blood parasites. Inspection of blood smears detected a Hepatozoon species infecting red  blood cells. 
The  sequences of DNA  fragments  corresponding to  small subunit  ribosomal RNA  gene   revealed two  parasitic 
lineages  belonging  to   Hepatozoon genus.  These  parasite   lineages  showed a   basal  position  with  respect  to 
Hepatozoon species infecting rodents, reptiles, and  amphibians but  are  phylogenetically distinct from  Hepatozoon 
species infecting the  order Carnivora. In  addition, the  Hepatozoon lineages infecting D. gliroides are  also  different 
from  those infecting other micro-mammals living  in  sympatry, as  well  as  from  some  that have been  described to 
infect  an  Australian species of bandicoot. The  potential vector  of this parasite appears to be the  host-specific tick 
Ixodes  neuquenensis because the  sequencing of a long amplicon determined the  presence of one of the  two lineages 
found  in the  marsupial.   © 2009  The  Linnean Society  of London, Biological Journal of the  Linnean Society, 2009, 
98,  568–576. 
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INTRODUCTION 
 
Among the  American marsupials, there  exists a 
species, the so-called ‘Monito  del  Monte’, Dromiciops 
gliroides  Thomas,  1894,  which  is   the  last  living 
representative of  the Order Microbiotheria (Redford 
&  Eisenberg,  1992;   Herskhovitz, 1999). This small 
mammal is  a tree climber species with nocturnal 
activity, which lives  in  southern forest of Nothofagus 
(Fagaceae) and Chusquea Bamboo in  southern Chile 
and Argentina (Herskhovitz, 1999;  Lobos  et al.,  2005). 
The   oldest fossil   record from   microbiotherids  comes 
from  the Early Paleocene of Bolivia (Gayet, Marshall 
& Sempere, 1991), and phylogenetic analyses of mar- 
supials  situated  Dromiciops as   being  more  closely 
related to  Australidelphian than to  Ameridelphians 
marsupials (Palma & Spotorno, 1999). It is clear that 
‘Monito  del  Monte’  is  a ‘living  fossil’,  being the last 
   representative of a point of union between Australian 
*Corresponding author.  E-mail: santiagom@mncn.csic.es and American marsupials. 
 
 

 © 2009  The  Linnean Society  of London, Biological Journal  of the  Linnean Society, 2009,  98,  568–576 
 
 
 
The   protozoan  blood   parasites  under  the  genera 
Hepatozoon are  known to infect a variety of  verte- 
brates,  from   anurans  to   mammals  (Smith,  1996). 
These parasites are found in  peripheral blood,  where 
they infect white blood  cells,  except in marsupials and 
some   rodents,  where  red   blood   cell   infections are 
common (Smith, 1996). These parasites are transmit- 
ted  to  vertebrate hosts by  ingestion of infected hae- 
matophagous  ectoparasites,  where  the  parasite   is 
developed in  the haemocoel. The  variety of ectopara- 
sites acting as  definitive hosts of  Hepatozoon para- 
sites is also  very  diverse, varying from  mosquitoes to 
mites, bugs, flies,  lice,  ticks, and fleas  (Smith,  1996). 
In   the  present  study,  we   characterized,  at  the 
molecular  and morphological level, Hepatozoon infec- 
tions from  a wild  population of ‘Monito  del  Monte’  in 
Southern  Chile. We  also   explored  the  phylogenetic 
position  of  these  parasite  lineages  with  respect  to 
other  previously  described  Hepatozoon species.  In 
addition, we looked for the presence of these lineages 
infecting  other  micro-mammals  cohabiting  in   the 
same area. Finally, we searched for potential parasite 
ilized tube containing a buffer composed of 100 mM 
Tris  (pH   8.0),   100 mM   ethylenediaminetetraacetic 
acid    (EDTA),  2%   sodium  dodecyl  sulphate   (SDS) 
(Jarvi, Schultz & Atkinson, 2002)   to  preserve  blood 
samples for  DNA  analyses, or  were stored  on  FTA 
classic cards (Whatman International Ltd.; Gutiérrez- 
Corchero et al.,  2002). To identify potential  vectors of 
the  Hepatozoon infections, animals  were  also   cap- 
tured  three  times  a  year  in   2007   and  2008   (i.e. 
August, November, and February) and examined in 
search of ectoparasites. Ticks were the most common 
ectoparasite   detected  and  collected  (see    Results). 
Ticks and  two   unidentified  fleas   were maintained 
alive for  24 h  to allow   the blood  digestion and then 
conserved  in   70%   ethanol.  Subsequently,  ectopara- 
sites  were lyophilized to  facilitate transport  to  the 
laboratory in  Spain and DNA  extraction. In  addition, 
during the summer of 2007, in  the same study area, 
we also  captured and blood  sampled the following 
rodents;  two   Oligoryzomys longicaudatus Bennett, 
1832,  11   Abrotrix  (Chroeomys) olivaceus  Thomas, 
1916, and  four   Abrotrix sanborni Thomas, 1916, to 
check whether the Hepatozoon species detected in  D. 
gliroides were also  infecting other micro-mammals in 
the area of study. Only  blood  samples for DNA analy- 
ses  were obtained from  these animals and were 
analysed as  described below. 
vectors using molecular tools. 
 
 
MATERIAL AND  METHODS 
 
The  study was  conducted at Senda Darwin Biological 
Station and surrounding forest patches in  northern 
Chiloé Island,  Southern  Chile. Dromiciops gliroides 
individuals were captured inside bird nest-boxes or by 
using Tomahawk-live traps (baited with banana), and 
blood   samples  were  collected in   August  2005   (for 
details of  the study area, see   Moreno et al.,   2005). 
Each animal was  individually marked with numbered 
or  coloured ear-tags  to  avoid resampling.  Approxi- 
mately 50 mL of blood  were obtained with a heparin- 
ized  hematocrit capillary tube from   the tail vein   or 
the infraorbital sinus (van Herck et al.,  2000). One 
part of the blood  was  immediately smeared on a slide, 
air  dried, and  later  fixed   with  96 °  ethanol  and 
stained  with Giemsa (1 : 10,  v/v)  for  40 min.  Blood 
smears were scanned in  search of blood  parasites in 
accordance  with  previously  described  methods 
(Merino, Potti & Fargallo, 1997). The  rest of the blood 
was  transferred with the aid  of a capillary to  a ster- 
Parasite  morphometric measurements  were made 
with the aid  of image analyser software (Scion  Image) 
from  pictures of parasites taken under a ¥100  oil 
immersion objective using  an  Olympus BX41   optic 
microscope. The  length and width of the parasite and 
parasite nucleus were measured for  each parasite 
(Table 1).  Infected and uninfected erythrocytes were 
also  measured. 
 
 
DNA ANALYSIS 
Genomic DNA from  D. gliroides samples conserved in 
lysis buffer was  obtained using the UltraClean DNA 
BloodSpin kit   (MO  BIO   Laboratories, Inc.).   On  the 
other hand, genomic DNA  present in  FTA  cards was 
extracted  to   a  soluble  solution  before polymerase 
chain  reaction  (PCR)   using  the  following protocol: 
cored   samples  were  transferred  to   collection vials 
 
Table 1.  Measurements of parasites and  erythrocytes found  in  35  Dromiciops gliroides 
 
Parasite Infected Uninfected 
 Parasite nucleus erythrocyte erythrocyte (ø)
Length (mm) 9.39  (0.64) 3.42  (0.43) 11.33  (2.07) 5.86  (0.50) 
Width (mm) 2.59  (0.34) 1.95  (0.47) 4.57  (1.13) – 
Sample size 23 23 21 69 
The  diameter of uninfected erythrocytes is  also  presented. Standard deviations are  shown in  parenthesis. 
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Table 2.  List  of primers used  in  the  present study 
 
Primers             Sequences (5′- to 3′) 
 
NBA1b  GTT  GAT CCT  GCC AGT AGT 
NBA2  GCC  TGC  TGC  CTT  CCT  TA 
HEP1 CGC  GCA AAT TAC CCA ATT 
HEP4               TAA GGT  GCT  GAA GGA GTC  GTT  TAT 
HPF1                CTA TGC  CGA CTA GAG ATT G 
HPF2 GAC  TTC  TCC  TTC  GTC  TAA G 
NBA1  GGT  TGA TCC  TGC  CAG  TAG T 
 
 
 
with 250 mL of SET  buffer (0.15  M NaCl, 0.05  M Tris, 
0.001 M  EDTA;  pH  8)  at 4 °C  for  6 h.  Subsequently, 
SDS  20% (7 mL) and proteinase K (50 mg) were added 
to  the vials and incubated at 55 °C  overnight. After 
incubation,  ammonium  acetate  4 M   (250 mL)   was 
added to  the vials at room   temperature for  30 min. 
Subsequently,  vials  were  centrifuged  at   13 000 g 
for  10 min. After removing the pellet, DNA  was  pre- 
cipitated  with  ethanol  and  resuspended  in   sterile 
water. 
Amplification of 18S  rDNA gene (1769 bp)  was 
accomplished  by   PCR   using  the  primers  NBA1b/ 
HPF2  (Table 2).   PCR   reactions  consisted  of  25-mL 
reaction volumes containing 20 ng  of template  DNA, 
50 mM  KCl,  10 mM  Tris-HCl, 1.5 MgCl2,   0.2 mM  of 
each dNTP, 1 mM of each primer, and 1.25  U of Ampli- 
Taq Gold  (Applied Biosystems). The  reactions were 
cycled   at  the following parameters using a thermal 
cycler  (MasterCycler Personal, Eppendorf): 94 °C  for 
10 min  (polymerase activation), 40 cycles  at 95 °C for 
40 s,  54 °C  for  1 min, 72 °C  for  2 min, and a final 
extension at 72 °C for 10 min. The  amplicons obtained 
after PCR   assays  were recovered from   agarose gels 
and subjected to  direct sequencing using the primers 
NBA1b,  NBA2,    HEP1,  HEP4,  HPF1,  and  HPF2 
(Table 2).  The   sequencing  was   carry  out   using an 
ABI  3130  (Applied Biosystems) automated  sequencer. 
DNA  sequences were aligned and edited using 
CLUSTALW (Thompson,  Higgins  &  Gibson,  1994) 
and BIOEDIT software (Hall, 1999), respectively. The 
phylogenetic  analyses were performed using three 
different methods of  inference after removing all 
columns containing gaps or missing data. The 
Neighbour-joining method (maximum composite 
likelihood model), the  maximum likelihood method 
(GTR  model; the gamma distribution parameter, the 
proportion of invariable sites, and the transition/ 
transversion ratio were estimated) and Bayesian esti- 
mation (Markov chain Monte Carlo algorithm) were 
carried out  using MEGA, version 4.0  (Tamura et al., 
2007), PHYML, version 3.0 (Dereeper et al., 2008)  and 
MrBayes (Ronquist & Huelsenbeck, 2003), respec- 
tively. Tree consistency was   estimated by  bootstrap 
analysis  with 100   replications. All  Hepatozoon 
sequences in  GenBank with a similar size   to  those 
lineages found in  D. gliroides were included in  the 
phylogenies  (Table 3).   Although  with  some   limita- 
tions, small subunit rDNA (SSU)  is generally consid- 
ered to be a good marker for addressing relationships 
of apicomplexan species and their history (Morrison & 
Ellis, 1997;   Zhu,   Keithly &  Philippe, 2000;   Šlapeta 
et al.,  2003). In  addition, only  SSU  rDNA sequences 
are  available  for   sufficient  Hepatozoon species  to 
make evolutionary inferences of parasites within this 
genus. 
To  detect the presence of the parasite in  potential 
ectoparasite vectors, we followed the method of Schall 
& Smith (2006). This method aims to avoid the ampli- 
fication of DNA from  parasites digested with the blood 
meal. This allows the  discrimination  of  whether a 
particular species acts as  vector of a particular para- 
site because only  parasites that survive to  digestion 
are  transmitted.  Arthropods were maintained  alive 
for   24 h,   thus  allowing for   the  blood   meal  to   be 
digested, including the parasite DNA.  Thus, it would 
be   very   difficult  to   amplify a  long   DNA   fragment 
from   the  parasite,  except if  the  arthropod is   the 
vector. In  this  case, the parasites  would be  located 
in the haemocele, which is a safe  place from  digestive 
endonucleases. 
The  ticks and two  fleas  achieved from  ‘Monito  del 
Monte’  were maintained alive for  24 h  before storage 
in  70%  ethanol. DNA  from   lyophilized ectoparasites 
was  extracted using the method previously described 
for   FTA   cards.  Amplification  of   18S    rDNA  gene 
(1096  bp)    was    accomplished   by    PCR    using  the 
primers  NBA1/HEP4 (Table 2).  PCR   reactions were 
carried out  using the conditions described above. 
 
 
STATISTICAL  ANALYSIS 
To  identify potential differences in  the prevalence of 
infection by Hepatozoon between individuals of differ- 
ent sexes and ages, we conducted statistical analyses 
using Yates corrected chi-square tests (STATISTICA, 
version 6.0;  StatSoft, Inc.). 
 
 
RESULTS 
 
Overall, we captured 77 D. gliroides, comprising 44 
males (39 adults and four  juveniles; one  male was  not 
aged), 29  females (11  adults and 18  juveniles) and 
four   individuals not   sexed and  aged. Excluding the 
last  four   individuals,  blood   smears  were  obtained 
from   all   animals. Also,   with  the  exception of  two 
juvenile   females,   blood    for    DNA    analyses   was 
obtained for  a total of 75  individuals. 
Thirty-five  out   of  73   (47.9%)   blood   smears  from 
different individuals were found infected by  a Hepa- 
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Table 3.  Protozoan species used  for phylogenetic analyses indicating their hosts, Genbank accession numbers, location, 
and  reference when available 
 
 
Parasite  Host 
Genbank accession 
number  Location Reference 
 
Hepatozoon catesbianae Rana catesbiana AF  130361  USA  Carreno, Martin & Barta 
(1999) 
Hepatozoon boigae  Boiga  fusca  AF  297085  Australia Unpublished 
Hepatozoon sp.  Isoodon obesulus EF152218 to 
EF152230 
Hepatozoon sp.  Abrotrix olivaceus FJ719815, FJ719817, 
FJ719818 
Australia Wicks  et al.  (2006) 
Chile  Present study 
Hepatozoon sp.  Abrotrix sanborni FJ719816 FJ719819 Chile  Present study 
Hepatozoon sp.  Bandicota indica AB181504 Thailand Unpublished 
Hepatozoon sp.  Clethrionomys 
glareolus 
AY 600625, AY 600626  Spain Criado-Fornelio et al.  (2006) 
Hepatozoon felis  Felis  catus  AY 620232, AY 628681  Spain Criado-Fornelio et al.  (2006) 
Hepatozoon americanum 
curupira 
Dusycion thous AY 461377  Brazil Criado-Fornelio et al.  (2006) 
Hepatozoon canis  Canis familiaris AY 461378  Spain Criado-Fornelio et al.  (2006) 
Hepatozoon canis  Vulpes vulpes  AY731062, AY 150067  Spain Criado-Fornelio et al.  (2006) 
Hepatozoon canis 
curupira 
Dusycion thous AY 461375  Brazil Criado-Fornelio et al.  (2006) 
Hepatozoon canis 
curupira 
Pseudalopex 
gymnocercus 
AY471615, AY 461376  Brazil Criado-Fornelio et al.  (2006) 
Hepatozoon sp.  Dromiciops gliroides FJ719813, FJ719814  Chile  Present study 
Adelina bambarooniae Dermolepida 
albohirtum 
AF494059 Australia Unpublished 
 
 
 
 
Figure 1.  Photomicrograph  of  a  blood   smear  from   the 
‘Monito del Monte’ (Dromiciops gliroides) showing an 
erythrocyte infected with Hepatozoon. N, parasite nucleus; 
HC,  host  cell.  Scale  bar  = 5 mm. 
 
 
tozoon species. Parasites  infect red   blood   cells   and 
show   the  typical banana  shape  of  these  parasite 
species (Fig.  1).  Positive slides are deposited at the 
collection of Museo Nacional de  Ciencias Naturales, 
Madrid, Spain (accession numbers:  MNCN 35.02/33, 
MNCN 35.02/34, and  MNCN 35.02/35 blood  smears 
from  D.  gliroides). Molecular methods increased the 
prevalence of infection detected up  to  86.7%  (i.e.  65 
out  of 75  individuals infected). 
There were no significant differences between sexes 
in   the  proportion of  infected individuals estimated 
either by molecular (c2 = 1.52,  P = 0.22)  or microscopic 
methods  (c2 = 0.08,   P = 0.78).   Significant differences 
between age  classes were only  found for data based on 
blood   smears  (c2 = 14.20, P < 0.001), indicating  that 
more adults than juveniles were uninfected. The  fact 
that this difference was  not  significant for  molecular 
data on  infection (c2 = 0.01,   P = 0.96)   indicates that 
the  intensity  of   infection  is   higher  in   juveniles 
because many infections were not  detected in  adults 
by microscopic as  compared to molecular methods. 
Differences  in   the  prevalence of  infection between 
sexes by  age   classes were not   significant (data not 
shown, P > 0.05). 
The  tick  Ixodes neuquenensis Ringuelet 1847  was 
collected from  D. gliroides (two  adults and 15 nymphs 
in  2007  and 13 adults and 12 nymphs in  2008). Long 
sequences  from   the  Hepatozoon lineages  infecting 
‘Monito  del  Monte’  were recovered from  three adult I. 
neuquenensis (one  from  2007  and two from  2008). We 
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Figure 2.  Phylogenetic tree obtained with the  MEGA,  version 4 software, using the  Neighbour-joining method. Bootstrap 
values are   shown at  the   corresponding nodes. When   three  values appear,  they correspond to  maximum  composite 
likelihood, Bayesian,  and   maximum likelihood methods, respectively. Figures  in  parentheses after the   species name 
indicate the  GenBank accession number of the  isolate. The  hosts where Hepatozoon species were  recovered are  indicated. 
Samples from  ‘Monito  del  Monte’  comprise those from  American marsupials. This  analysis is  based on  1627 bp. 
 
were unable to  recover long  segments of Hepatozoon 
from  the two  unidentified fleas. 
Finally, we detected Hepatozoon infections in two  of 
the three rodent species co-existing in  the same area 
with ‘Monito  del  Monte’. We found six  Abrotrix oliva- 
ceus  and two  A. sanborni infected by five different 
Hepatozoon lineages. Three of them were present in 
A.  olivaceus and two  in  A.  sanborni.  None of  them 
were found infecting the ‘Monito  del  Monte’  (see 
sequences with accession numbers FJ719815 to 
FJ719819 in  Fig.  2; Table 3). 
 
 
PHYLOGENIES 
The  tree including the short sequences of Hepatozoon 
species from   the Australian  bandicoot are based on 
743  bp  after removing columns containing gaps or 
missing data. This tree is  used to  determine the 
phylogenetic relationships  between Hepatozoon lin- 
eages isolated from  ‘Monito  del Monte’  and those from 
the bandicoot (Fig.  3), and we infer phylogenetic rela- 
tionships  among parasites  infecting different  host 
taxa  from   the  tree  based on   1627   bp   (see   below; 
Fig.  2) although conclusions did  not  vary considerably 
by using either of them except for  bootstrap support. 
The  Hepatozoon lineages found in  both marsupial 
species are not  closely related between them and the 
lineages found in Australian marsupials, American 
marsupials/anurans, rodents/reptiles, and carnivore 
species form  clearly separated groups (Fig.  3). To infer 
a  sound phylogenetic relationship,  we  consider the 
more robust tree based on  1627  bp  after removing 
columns containing gaps or missing data (Fig.  2). The 
topology  of  the  tree  indicates the  grouping of  the 
lineages in  two  clades supported with a high boot- 
strap value. One  of them is formed by all  Hepatozoon 
lineages found in  carnivore species and the other by 
the lineages found in  rodents, amphibians, reptiles, 
and the American marsupial. In  this  case, the lin- 
eages found in  marsupials have a basal position in 
the clade. 
 
 
 
DISCUSSION 
 
The  Hepatozoon species infecting ‘Monito  del  Monte’ 
appears to  be  clearly separated from  lineages recov- 
ered from  the Australian bandicoot. This may be 
interpreted as  indicating that different Hepatozoon 
lineages  developed independently  in   marsupials in 
both continents because the lineages recovered from 
D. gliroides appear to evolve  from  a common ancestor, 
previous to  the separation of Hepatozoon species 
infecting rodents and Isoodon obesulus, although this 
tree topology lacks strong support (Fig.  3).  Indeed, it 
has been recently suggested that parasite–host coevo- 
lution  implying Apicomplexa follows   the definitive 
hosts,   namely   those   where   sexual   reproduction 
appear (Šlapeta et al.,  2003). Based on molecular and 
paleontological data,  Palma &  Spotorno (1999)   pro- 
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Figure 3.  Phylogenetic tree obtained with the  MEGA,  version 4 software, using the  Neighbour-joining method. Bootstrap 
values are   shown at  the   corresponding nodes. When   three  values appear,  they correspond to  maximum  composite 
likelihood, Bayesian,  and   maximum likelihood methods, respectively. Figures  in  parentheses after the   species name 
indicate the  GenBank Accession number of the  isolate. The  hosts where Hepatozoon species were  recovered are  indicated. 
Samples from  ‘Monito del Monte’ are  those from American marsupials. Samples from Australian marsupials are  reported 
by Wicks  et al.  (2006).  This  analysis is  based on  743 bp. 
 
posed that  Microbiotherids evolve   in  South America 
and later migrate to Australia across Antarctica prior 
to the separation of continents. If Hepatozoon species 
evolve   with their definitive hosts and if  Hepatozoon 
in  D.  gliroides separated  from  a common ancestor of 
other Hepatozoon species infecting Australian marsu- 
pials (Fig.  3),  we  can  propose that the relationships 
Hepatozoon–D. gliroides is the result of a long 
coevolving  relationship between host and parasite. 
That is,  the relationship may have existed for  a long 
time subsequent to the separation of continents. The 
complete  sequence   of   18S    rDNA  of   Hepatozoon 
lineages  from   Australian  marsupials  may  help  to 
solve   the position of  the  common ancestor of  these 
parasites. 
The   possibility that  Hepatozoon species infecting 
American marsupials  were the  ancestor  to  species 
infecting other mammals except carnivores obtains 
some  reinforcement from  the tree based on  a longer 
fragment (1627   bp)  of  the small subunit ribosomal 
RNA gene, because the Hepatozoon lineages infecting 
D. gliroides appear in a basal position with respect to 
species infecting anurans,  ophidians, and rodents, 
including lineages isolated from   sympatric rodents. 
The     Hepatozoon  species   parasitizing    carnivores 
appear  to   be   clearly  separated  in   another  clade 
(Fig.  2). Thus, the lineages isolated from  D. gliroides 
appear to be host-specific and to be an ancient species 
of Hepatozoon with respect to those infecting rodents 
and lower vertebrates. The  basal position of Hepato- 
zoon  in  ‘Monito   del  Monte’  with respect to  those in 
anurans and ophidians may indicate that these lower 
vertebrates were infected secondarily from  mammals. 
Hepatozoon species present in rodents in the area also 
form  a robust clade; thus, lineages of this parasite in 
these mammals also  appear to be endemic to the area. 
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The  basal position of Hepatozoon infecting ‘Monito 
del  Monte’  prompted us  to consider that the relation- 
ship between the marsupial and the parasite should 
also  be mediated by an ancient and host-specific ecto- 
parasite. In this respect, we recovered long segments of 
Hepatozoon DNA  corresponding to  the species infect- 
ing  D. gliroides from  three ticks using the method 
described above (Schall & Smith, 2006). Therefore, I. 
neuquenensis appears to  be  a potential vector of the 
Hepatozoon species infecting ‘Monito del  Monte’. This 
is  interesting  because I.  neuquenensis is  considered 
to  be  a host-specific ectoparasite of  this vertebrate 
(Guglielmone et al.,  2004;  Guglielmone & Nava, 2005; 
Marín-Vial et al.,   2007). However, this  tick   did   not 
appear as   a very   ancient  species compared to  tick 
species  from   other  vertebrates  (Guglielmone et al., 
2006), although these data are only  based on phyloge- 
netic analyses of sequences of 460 bp. This may imply 
that  the Hepatozoon parasite  has adapted to  I.  neu- 
quenensis later than to D. gliroides, and that either we 
failed to  sample the original vector or  it has now 
disappeared. The  possibility that I. neuquenensis may 
have had a broad specificity and only  recently invaded 
D. gliroides is not  supported by the lack  of reports  of 
this tick  species infecting other hosts (Guglielmone & 
Nava, 2005). It is  possible that  other vectors of the 
parasite exist because the prevalence of these Hepato- 
zoon  lineages in I. neuquenensis is very  low compared 
to the prevalence in the vertebrate host. However, this 
may be related to host susceptibility and not  necessar- 
ily to a relationship between high prevalences of 
infection in vertebrate hosts and a high abundance of 
vectors (Sol,  Jovani & Torres, 2000). 
Several species of Hepatozoon have been described 
infecting marsupials  both in  Australia and America, 
and all  of them infect erythrocytes. A common species 
infecting American marsupials and  described as 
Hepatozoon didelphydis  was   recently  found to  be  a 
Sarcocystidae (Merino et al.,  2008), and a similar case 
has been recently reported for a marsupial species in 
Australia  (Zhu   et al.,   2009).  Criado-Fornelio  et al. 
(2006)  failed to find  Hepatozoon infections in 15 opos- 
sums (Didelphis albiventris) from  Brazil either by 
molecular methods or  microscopy, in  contrast to  the 
25%  prevalence detected by  microscopy in  the same 
species from  French Guyana (de  Thoisy et al.,  2000). 
Hepatozoon infections have also  been reported infect- 
ing  other neotropical marsupials, including Didelphys 
marsupialis, Philander opossum, and Metachirus 
nudicaudatus  (d’Utra e  Silva & Arantes, 1916;  Reg- 
endanz &  Kikuth,  1928;   Garnham &  Lewis,  1958; 
Deane &  Deane, 1961;  Ayala et al.,  1973). However, 
these reports are only  based in  microscopy and some 
of them are attributed to H.  didelphydis, and may 
correspond to  infections by  an erythrocytic sarcocys- 
tidae (Merino et al.,  2008). 
The  high prevalence of these parasites in  ‘Monito 
del  Monte’  implies that it is a common parasite  in the 
area of study. The  infection is more difficult to detect 
in  blood  smears from  adult individuals, thus indicat- 
ing  that juveniles suffer from  more intense infections. 
This implies that  juveniles are more susceptible to 
the parasite and adults probably control the infection 
better.  This  pattern   agrees  with  an  increase  in 
immune responses as  animals age,  although, in  most 
cases,  the  disease  is   not    completely cleared, as 
demonstrated by  the  molecular data. Alternatively, 
highly-infected young individuals could  die as a result 
of infection or associated causes and only  individuals 
that are able  to  control infection reach adulthood. 
Information on  the effects of infection on  D. gliroides 
and on  variation in  the prevalence between popula- 
tions, as  well  as  on  other potential vectors, will  help 
to  reveal the real impact of  these parasites on  this 
threatened ‘living  fossil’ species of marsupial because 
Hepatozoon infections have been shown to be  patho- 
genic  with respect to  their hosts (Ewing & Panciera, 
2003). 
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